Vibration was applied to the tendon of flexor carpi radialis while recording the EMG of the wrist flexors in 29 Parkinsonian patients. Cessation of the vibration led to a small short-latency (approximately 25 ms) reduction in the level of activity which did not differ in magnitude from the normal. Moreover, there was no sign of any subsequent long-latency reduction of activity. Thus the maintained tonic activity of Parkinsonian muscles seems unlikely to be due to an enhancement of the tonic reflex actions of the Ia afferents, especially via the shortlatency pathway. In addition, the findings argue against reduction of either Ia or Ib firing being responsible for the delayed excitatory "Westphal" (or "shortening") response that may occur in parkinsonism on allowing a muscle to shorten; this was never found on terminating vibration, even when present on muscle release.
The reflex effects produced on the wrist flexors by the onset of a period of tendon vibration were recently analysed electromyographically in a number of patients with Parkinson's disease to investigate the role of autogenetic reflexes in the production of rigidity.' The sole effect was a short-latency excitation which did not differ from the normal. This contrasted with an augmentation of the long-latencycomponent of the response elicited by stretching the muscle at moderate velocity,"2 but is in line with repeated studies on the tendon jerk which has long been known to be unaltered in Parkinson's disease in spite of the increase in muscle tone (most recently by Rothwell et al2). Vibration, like tendon taps, strongly excites the Ia afferents from the muscle spindle primary endings and provides an alternative way of testing the state of the reflex pathways activated by a Ia input. In both cases, however, other afferents will also be excited to some degree; this slightly complicates the issue, but increases the value of such complementary studies since such unwanted actions are likely to differ in the two cases.
Vibration has an advantage over taps in 'that it allows the strength of the tonic spinal action of short-latency pathways, activated by a maintained Ia input, to be assessed by determining the immediate reduction of the level of EMG activity after vibrating; the size of any maintained tonic vibration reflex potentially depends also upon multiple long-latency res- To save referral to the previous paper for the rest of the methodology, the essentials of the methods described previously are given below. The subjects grasped a handle by means of which "releases" could be applied, and which incorporated a force transducer. They were instructed to flex the wrist with a constant voluntary effort to produce about 20% of the maximal voluntary contractile force, and to ignore the stimuli. The same target force was used in the presence and absence of maintained vibration. However, the quasi-steady level of EMG activity was 20-30% higher in the former case; this probably arose largely from increased synchronisation of motor unit discharge, induced by the vibration, leading to more effective summation of their potentials."
The release was about 100 wrist displacement, normally at 50-2000 s-i. Vibration at 123 Hz of 0-7 or 1 0 mm peak-to-peak amplitude was applied percutaneously to the tendon of flexor carpi radialis 5 cm above the wrist crease. The electromechanical vibrator incorporated a position transducer so that its movement could be monitored, as was that of the separate servocontrolled stretcher. The electrical activity of flexor carpi radialis was recorded with surface electrodes placed 5 cm apart over its belly; the resulting EMG will also have reflected the activity of other wrist flexors. The EMG was rectified, slightly smoothed (1 ms time constant) and then averaged (bin-width 0 4 ms) to produce records for study. Normally each particular stimulus pattern was studied once only.
Details of timing These are described at length, since they may influence the results obtained."' The interval between successive terminations of a given stimulus was varied in a pseudo-random manner between 1 0 and 1 5 s (mean rate close to 0-8 Hz). The cycle was repeated for just over 2-5 minutes to provide 128 samples for averaging; the gap in the otherwise continuous vibration lasted for 200 ms, as did the release of the stretch (this includes both the period during which the muscle was shortening, which varied with the velocity employed, and also the time it was held at its shortened length; it does not include the subsequent period of re-extension). This cycle was probably too rapid to have allowed the reflex centres to have settled to a completely steady state during the maintenance of the stretch or vibration. A relatively high repetition rate was required to obtain sufficient samples to allow the "off" responses to stand out in the averages, but such rates do not prevent the production of large delayed unloading responses by the digital flexors." 16 Control experiments on five normal subjects showed little change in the present "off' responses on lowering the mean cycle frequency successively to 04, 0-13 and 0-08 Hz (rounded values), and there was no sign of a progressive development of a delayed long-latency component.
When the responses to the onset of vibration were recorded the cycle reverted to that used before,' with brief periods of vibration separated by a recovery period; the mean cycle rate was then 0-4 Hz and 64 trials were averaged. On a number of occasions (fig 1, 3) , the averages obtained with our normal rates of stimulation were tested for statistical stationarity by comparing them with those obtained from the first and second halves of the same 2 5 minutes period of data collection; no differences were then apparent showing that the responses studied were stable and resistant to "habituation". 14 Results Figure 1 illustrates the typical effect of stopping vibration, both for a normal subject and for a patient with Parkinson's disease who had appreciable rigidity at the wrist on clinical testing. The responses to the onset of vibration are shown below. As before, there is no significant difference between the "on" responses; neither shows any sign of a long-latency excitation, corresponding to that which occurs with stretch at about 50 ms, immediately following the short-latency discharge.' Likewise, there is no appreciable difference between the "off" responses in the two cases; both show a reduction of EMG activity beginning 25-30 ms after the last peak of vibration. This is clearly a "short-latency" effect since the latency of the "on" response was about 25 ms. The "off" effect can reasonably be attributed to a disfacilitation arising from the removal of an ongoing excitatory input; this was presumably largely from the Ia afferents of flexor carpi radialis since the vibrator was applied to its tendon. The difference in the level of phasic activity, related to the individual cycles of vibration, may have been greater for the normal subject of figure 1 than for the patient; this difference was not consistent between the two populations.
As was usual, the duration of the disfacilitation on stopping vibration was appreciably longer than that of the excitation seen at its onset. The initial excitatory action lasted for 25 ms or less, whereas the disfacilitation continued for some 50 ms. This relatively prolonged action might suggest that a delayed long-latency disfacilitation had been superimposed upon an initial short-latency one. However, there was no sign of a second downward deflection at the expected 50 ms; rather, this was the time at which the level of EMG activity began its slow return to normal. Other muscles have already been seen to give similar relatively prolonged vibration "off" responses,'5 which could have a variety of causes. The absolute level of EMG activity fell by less on cessation of vibration than it rose on starting vibration. However, when the two responses were compared in terms of area there was much less difference between them. Figure 2 compares the reduction in the EMG on terminating vibration for the Parkinsonian patients with that for the normal group. The values have been plotted against the size of the excitatory responses evoked at the beginning of vibration to circumvent any differences in general reflex "excitability". As expected, the sizes of the "on" and "off' responses are highly correlated (Pearson's correlation coefficient = 0 53, p < 0 001). The normal and the Parkinsonian responses overlap almost completely and no systematic difference was found between the two populations on statistical testing (see below). As already noted,' the similarity of the responses at the onset of vibration in the Parkinsonian patients and in the normal group agrees with the view that vibration tests the state of the same shortlatency reflex pathways as does the tendon jerk. The new finding is that there is no difference in the effect of removing a maintained excitatory input, thereby demonstrating that the tonic as well as the phasic behaviour of the shortlatency pathway remains unaltered in parkinsonism. Nor was there ever any indication of a tonic Ia input producing a tonic long-latency excitation.
Statistics
No significant difference (at the 5% level) was found between the Parkinsonian patients and the normal group on using the t test to compare the means of either the "on" or the "off' responses; nor was one found on employing the non-parametric Mann-Whitney U test to compare the two populations. These statistical comparisons were also performed for the responses elicited by each amplitude of vibration on its own (07 and 1-0 mm). Again there was no difference between the two populations, except for a questionable small reduction (200o) in the size of the "off" effect with 0-7 mm vibration for the parkinsonian patients; this was just significant (at the 5% level) on the 1-00- individual responses for both "on" and "off' were determined by taking the difference between the maximum effect (measured over 1-3 bins at the top of the peak and the bottom of the trough, respectively) and the preexisting EMG level (averaged over the 20 ms immediately following the start or cessation of vibration, respectively, before any reflex change could have occurred). The values were then normalised by expressing them as a proportion of the pre-existing level, as measured above. All the normal subjects and most of the patients have contributed two points to the diagram, one for each of two amplitudes of vibration (0 7 and 1-0 mm pk-pk, which evoked remarkably similar sized responses at both "on" and "offl'). When they were repeated using absolute values of EMG, measured in ,uV, no significant difference was found between the Parkinsonian patients and the normals for the "on" responses, the "off" responses, and the quasi-steady levels during the maintained contractions with and without vibration (measured as for fig 2) . In both groups the EMG level during vibration was slightly higher during maintained vibration than in its absence (see Methods); when the "off" responses were normalised in relation to the EMG level in the absence of vibration there was again no difference between those of the patients and of the normal group. Thus the conclusions are not dependent upon the particular method of normalisation used for fig 2.
Releases and the Westphal reaction Displacement of the wrist in the direction required to release the contracting wrist flexors was normally followed by an obvious reduction of their ongoing EMG activity. Such "unloading" responses are well known and are due to a disfacilitation produced by removing an ongoing excitatory afferent input. They may comprise apparently distinct components of different latency, the relative preponderance of which may vary from muscle to muscle.'6 The short-latency component was dominant for most of our subjects, whether normal or diseased; however, in both groups a longlatency component was sometimes identifiable corresponding to that already described for stretch, and it occasionally occurred in the absence of a preceding short-latency unloading response. As a population, the Parkinsonian patients did not manifest any grossly obvious enhancement of the long-latency component, but the matter was not examined in detail. The present responses to release were suspected to represent the net effect of several interacting reflexes. Among these may be the Westphal reaction, which consists of excitation of a muscle on displacing a joint in the direction This was achieved by using vibration; the level of continued tonic activity of the reflex centres in response to a continued Ia input could then be determined simply by ceasing to vibrate, and observing the resulting immediate reduction in the level of muscle activity.
In addition, cessation of a period of vibration failed to produce a long-latency reduction of muscle activity. This is entirely in line with the failure of its commencement to produce longlatency excitation', even though stretching a muscle by limb displacement does so. It argues against the tonic activation of long-latency pathways by a Ia input being responsible for the maintained tone of Parkinsonism. However, the matter must remain sub judice pending a better understanding of the contrasting effects of stretch and of vibration in evoking long-latency responses, when both produce Ia excitation.
Westphal reaction. Equally of interest was that the elusive Westphal (or shortening) reaction was never seen on terminating vibration, even when it was present on releasing the stretched wrist flexors. This shows that it cannot be due to a reduction of Ia activity by some "rebound" action. Moreover, it also seems unlikely to represent a disinhibition resulting from a reduction of the Ib discharge from the Golgi tendon organs of the muscle being released, as favoured by Berardelli and Hallett.6 If it was due to such an action, then it should also have been seen with vibration. During muscle contraction, as in our experiments, tendon organs can be expected to be excited to some degree by vibration,'8 and should reduce their discharge on its cessation, as they do on the termination of a stretch.
This would seem to leave the discharge of receptors in the stretched antagonist as an obvious source of the Westphal reaction, but these are unlikely to be invariably responsible. In patients with athetosis, Rondot and Scherrer"9 noted that the Westphal reaction persisted unchanged after infiltrating the antagonist with sufficient local anaesthetic to greatly reduce its motor power. In contrast, for patients with Parkinson's disease, DennyBrown" mentioned that such infiltration might abolish the reaction along with rigidity while of tendon vibration.
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